Abstract. Traffic safety is the basis of urban security. In recent years, domestic and foreign scholars have made more research on the evacuation of ordinary buses and achieved satisfactory results, but the research results of double-deck bus evacuation are very limited. Taking a typical double-deck bus as the research object, Pyrosim is used to simulate the fire in the vehicle. According to the simulation results, the evacuation time is 85s when the flue gas height reaches the escape threshold of 1.5m, so the effective safe evacuation time is 85s. On this basis, the pathfinder is used to simulate the evacuation situation, and the optimization measures are put forward. The results show that the right front door width of the double-decked bus is 1.1m, the back door width is 1.7m, and the staircase width is 1.1m. Compared with the original design (right front door 0.8m, back door 1.5m, stairs 0.9m) shorten the evacuation time 36s, to achieve safe evacuation requirements.
Introduction
The double deck bus compartment is closed, the traffic environment is complicated and changeable, the passenger capacity is large and the personnel is large. In the event of a fire, it is extremely easy to cause serious personal injury or death. Double-deck bus fire is the result of the combination of people, the bus itself and the environment. The fire danger of double-decker bus is manifested as the fast burning speed, big fire hazard, difficulty of fighting, easily flash-burning and difficulty of personnel evacuation [1] . This shows that evacuation is the only way to protect the safety of passengers. Therefore, studying the evacuation of bus fire is of great significance. In recent years, the study of bus fire evacuation has aroused the concern of many scholars. For example, in 2006, Chow [2] used the fire numerical simulation method to investigate the fire situation of double-deck buses and studied the spread of smoke in the vehicle with different heat release rates. In 2014, Wei LV and Ying-hua Song, etc [3] used Pathfinder to conduct numerical simulation tests on evacuation of single-layer buses. The experiment show that increasing the width of the door and reducing the passenger density are the main ways to reduce the risk of evacuation of the bus. At the same time, improving the internal structure of the bus, improving the evacuation efficiency of the front door, and early warning and controlling the passenger density can effectively reduce the evacuation risk. In 2015, Jie Zhu and others [4] took a large capacity bus as the research object and set up four evacuation scenarios for different open doors. Using Building Exodus to simulate the evacuation of people in the bus, it is concluded that the bus safety door is very important for the safe evacuation of people. In 2015, Yang Cheng, Xiao-jia Huang, etc [5] studied the cause of the bus fire, put forward the bus fire, and expounded the evacuation and fire control measures of the bus engine compartment and the bus cabin. In recent years, the double-deck buses have been popularized in some cities in China due to the large number of passengers and beautiful appearance, but there are very few researches on the double-deck bus fire evacuation at home and abroad. Therefore, research on the fire evacuation of double-decker buses to shorten the evacuation time has become a problem to be solved at this stage.
This paper takes a typical double-deck bus as the research object. Firstly, using the Pyrosim to simulate the fire in the bus we get effective safe evacuation time (TASET). On this basis, then using the Pathfinder to simulate the situation of the evacuation we get the necessary evacuation time (TRSET). Lastly, by exploring the relationship between the effective safety evacuation time (TASET) and the necessary safety evacuation time (TRSET), the optimization measures are proposed to reduce the evacuation time.
Personnel Safety Evacuation Judgment Conditions
Judging whether a person is safely evacuated is proof that a person can evacuate to a safe place before the fire develops to the safety evacuation of the threatening personnel. That is, whether TASET>TRSET is established or not. The TASET (Available Safe Egress Time) is an effective safe evacuation time, which is the time interval between the fire occurrence and safety evacuation of fire threat personnel. The TRSET (Required Safe Egress Time) is a necessary time, which the actual time between the fire occurrence and evacuate to safe area of the personnel [6] .
Pyrosim Fire Simulation Pyrosim Description
Pyrosim was developed by the National Institute of Technology (NIST)and is a software specifically designed for Fire Dynamic Simulation (FDS). Pyrosim was developed on the basis of FDS, which can accurately predict the temperature change, the concentration of toxic gas and the law of smoke movement in fire.
Simulation Parameter Determination
In this paper, a typical double-deck bus is used as the simulation object, and the physical model of the bus is simplified. The double-deck bus size is 11.30m×2.53m×4.18m, the effective height of the first floor is 1.885m, the effective height of the second floor is 1.769m, the number of first floor seats is 24, the number of second floor seats is 54, the bus seat size is 0.4m×0.4m, the width of the front door is 0.8m, the width of the rear door is 1.5m, the width of the staircase is 0.9m. Using CAD software to draw a double-deck bus plan is shown in figure 1, figure 2 . 
Simulation Scenario Setting
According to related research, the car has a fire, its thermal release rate can reach 30MW [7] . In this paper, the initial stage of fire is studied, and the concentration of fire in the train compartment is not too large, so the source power of the fire is defined as 3MW, and the fire source area is set to 0.5m× 0.5m [8] . In order to make it difficult for people to detect the occurrence of fire and simulate the most real fire situation, this paper places the source of ignition on the back of the first floor of the bus. According to the size of double-deck bus, to ensure the accuracy of simulation while increasing the efficiency of simulation, the number of grids is set to 120×40×40, the size of grid cells is 0.1×0.1 × 0.1mm 3 . According to the above parameters setting combined with double-deck bus CAD drawings for simplification, Pyrosim model layout is obtained, which is shown in Figure 3 , Figure 4 . 
Fire Simulation Results
In the fire simulation, the parameters of smoke height, harmful gas concentration, visibility, temperature and other parameters need to be studied and analyzed. Relevant studies have shown that more than 2/3 of the victims died of smoke in a fire, so the height of the smoke layer is the key factor affecting evacuation [9] . Figure 5 and Figure 6 are curve graphs showing the height of a two -layer flue gas when a fire occurs in a double-deck bus using Pyrosim . As can be seen from figure.5 and figure.6, the smoke height at 85s has reached the critical height of 1.5m that cannot escape, so the effective safe evacuation time is 85s. This means that all passengers need to escape from the second floor of a double-deck bus in 85s.
Pathfinder Evacuation Simulation Pathfinder Introduction
Pathfinder is a simulator developed by the Thunderhead engineering company that can be used for personnel access and movement. Pathfinder can import Pyrosim's FDS model, which can effectively simulate the time required for safety evacuation.
Evacuation Scene Settings
The FDS model of Pyrosim is imported directly into Pathfinder, and the redundant occlusion imported into the fire model is deleted, and the room is grabbed. This paper sets the front door of safe exit as 0.8m, the back door is 1.5m, the evacuation staircase is 0.9m, and the model after processing is the model of personnel evacuation. And set the parameters and personnel density of the room staff in the model. According to the Pyrosim guidelines, people normally walking speed is 1.5m/s. Considering The total number of people on the first floor of the bus at full capacity is 54 persons(including the driver). There is no standing area on the two floors of the double-decker bus. So the total number of double-decker buses is 108 passengers. Finally, the staff parameters were set and added. The shoulder width male was 40cm and the female was 30cm. The evacuation model of double-deck bus is shown in figure 7 and figure 8 .
Evacuation Simulation Results
The Pathfinder evacuation model is saved and run, and the evacuation simulation results are shown from figure 9 to figure 12. From the simulation results,it is concluded that the necessary evacuation time is 117s. It is far greater than personnel effective safety evacuation time(TASET)85s, which cannot reach the safety evacuation requirement. From figure 9 and figure 10, it can be seen that the evacuation flow is mainly concentrated in the front door, the back door and the stairway, so the optimization of the width of the evacuation door and staircase becomes the key to solve the evacuation problem.
Optimized Simulation Results
Considering the single evacuation flow of 1.2m, the average shoulder width of 20~30cm and the economic cost three aspects, the front door of the double-deck bus was widened from 0.8 m to 1.1 m, the back door is widened from 1.5m to 1.7m, and the evacuation staircase is widened from 0.9m to 1.1m. The model is preserved and simulated. The simulation results are shown from figure 13 to figure 16. The simulation results show that the congestion is obviously alleviated and the necessary safety evacuation time (TRSET) is reduced from 117s to 81s. The effective safety evacuation time is less than 85 s, which meets the requirements of effective safety evacuation time.
Summary
Taking a typical double-decker bus as the research object, the numerical simulation experiments are carried out by using Pyrosm and Pathfinder software, and the following conclusions are obtained. 1) Pyrosim model can effectively simulate the actual situation of double-deck bus fire, and can provide basic data for the fire safety work of double-deck bus.
2) The height of flue gas layer is the most important factor affecting the evacuation of people. At 85s, the height of the flue gas layer at the second floor of the double-deck bus has reached the critical height of 1.5m where the passengers on the second floor cannot continue to escape. Therefore, the effective safe evacuation time (TASET) is 85 s.
3) Combined with the effective safety evacuation time and the necessary safety evacuation time relationship. The numerical simulation results show that the necessary safety evacuation time is 117s, which is much larger than the effective safety evacuation time (TASET) 85s, and the width of the evacuation port is optimized. Evacuation time will be reduced by 36s to achieve the requirements of safe evacuation.
